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Post-Acute Sequelae of COVID-19 (PASC) or “Long COVID” 


The coronavirus disease-2019 (COVID-19) pandemic, caused by severe acute respiratory syndrome coronavirus-2 
(SARS-CoV-2), has profoundly impacted individual health and well-being globally. As of May 2022, there were a total 
of 81,717,488 reported cases and over one million COVID-1 9-related deaths in the United States alone.’ While the 
effects of COVID-19 vary widely, from asymptomatic or mild disease to multi-organ failure and death, most people 
make a full recovery from the virus. Unfortunately, however, a substantial proportion of survivors continue to report 
persistent symptoms often referred to as post-acute sequelae of COVID-19 (PASC) in the literature or “Long COVID", 
presenting a significant and ongoing public health crisis.2 


Long COVID is a highly 
heterogeneous condition with an 
evolving definition. The Center for 
Disease Control (CDC) defines 


Long COVID as new, returning, or 
ongoing symptoms that last four 
or more weeks following acute 
COVID-19 diagnosis. 


Long COVID is a highly heterogeneous condition with an evolving definition. Centers for Disease Control (CDC) also 
refers to this as Post-COVID-19 Conditions (PCC) and defines Long COVID as new, returning, or ongoing symptoms 
that last four or more weeks following acute COVID-19 diagnosis, 
whereas the World Health Organization (WHO) guidelines suggest 
it must be present three months from onset of SARS-CoV-2 
infection, persist for at least two months, and cannot be explained 
by an alternative diagnosis.34.5 The condition encompasses an 
array of approximately 200 different symptoms that are often 
variable, wide-ranging, and may relate to multiple organ systems, 
including respiratory, cardiovascular, musculoskeletal, 
gastrointestinal, neurological, psychological/psychiatric, and 


The condition encompasses an 
array of approximately 200 
different symptoms that are often 
variable, wide-ranging, and may 
relate to multiple organ systems, 
including respiratory, 
cardiovascular, musculoskeletal, 


dermatologic. The non-specific nature of symptoms and the lack of gastrointestinal, neurological, 

a consensus definition have made diagnostic efforts challenging, psychological/psychiatric, and/or 
and there is great variability in the course, prognosis, and dermatologic. 

outcomes as well as who is at greatest risk of developing Long 

COVID. 


The estimated number of Long COVID patients in the United States 1s substantial, with several 
studies approximating that at least 30% of COVID-19 survivors develop long-term sequelae.” 


According to the U.S. Government Accountability Office, this estimate likely translates to between 7.7 to 23 million 
people living with Long COVID in the United States alone. The most recent literature suggests that Long COVID may 
be more likely to occur in younger adults (<55 years) and can follow both non-severe (i.e., mild, or asymptomatic) 
or severe acute COVID-19. A recent analysis of 78,252 health insurance claims in the United States found that two- 
thirds of patients with Long COVID were between the ages of 36 and 64, and nearly 11% were younger than age 
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22.9 Further, at least one-third of the sample did not have any pre-existing health conditions.'° Importantly, however, 
this study only captured a privately insured population and thus, does not reflect the scope and burden of Long 
COVID in older adults and low-income communities. 


Among the most mihi 
symptoms of Long COVID 
is a gradient of cognitive 
and psychiatric sequelae 
(e.g., depression, anxiety, 
PTSD), which may 
portend significant 
consequences for patien 
functioning and quality ¢ 
lifes Ss 


Cognitive and Psychiatric 
Symptoms Associated with 
Long COVID 


Post-COVID-19 cognitive impairment and 
psychiatric morbidity have complex, and likely 
bidirectional relationships. It is well known 
that mental health disorders (e.g., 
depression) can contribute to cognitive 
impairment,” and likewise that impaired 
cognition can contribute to poor functional 
outcomes, which may precipitate or 
exacerbate mental health problems. Adding 
to this already complex relationship are 
other pandemic-related factors, such as 
social isolation, loneliness, financial and 
occupational instability, bereavement, and systemic health and social inequities, among other psychosocial 
stressors.'® Together, these factors may contribute to and have a differential impact on individuals with 
Long COVID. 


In comparison to those not infected, COVID-19 survivors show 


increased rates of mental health and cognitive problems.” 

A meta-analysis of studies around the world showed that the overall prevalence of depression, anxiety, and sleep 
disturbances among COVID-19 survivors was 45%, 47%, and 34%, respectively. Whereas, those levels were 33%, 
31%, and 20%, respectively, in the general non-COVID population during the pandemic.2' A systematic review also 
found indications of cognitive impairment and at least one psychiatric disorder six months post-COVID-19 in 
approximately 56% of patients, with difficulty concentrating (24%) and generalized anxiety disorder (30%) being 
among the most prevalent Long COVID sequelae.22 Likewise, a study of 236,379 adults with Long COVID 
demonstrated that the estimated incidence of a neurologic or psychiatric diagnosis after six months was 
approximately 34%, with approximately 13% receiving their first ever psychiatric diagnosis.23 While these rates were 
highest for those hospitalized (39%) or critically ill (46%), the incidence and relative risk of neurologic and 
psychiatric diagnoses were also increased by 32% in those with non-severe COVID-19 compared with a matched 
cohort of patients with other health conditions (e.g., influenza) occurring contemporaneously during the COVID-19 
pandemic.24 


Indeed, while patients with non-severe COVID-19 are also at risk for Long COVID,25 accumulating evidence 
suggests that cognitive and psychiatric sequelae are more pronounced in individuals who were 
hospitalized or treated in intensive care settings for COVID-19. For example, in a relatively young cohort of 
740 patients (mean age 49) who had mild, moderate, or severe COVID-19, cognitive impairment in at least one 
domain was prevalent in 25% of the sample approximately eight months later.2° However, the frequency and severity 
of impairment was greatest among patients who had been hospitalized for severe disease (up to 39%).27 Similarly, 
another study of 382 patients found that anxiety and depression occurred in over 90% of patients six months after 
hospitalization for COVID-1 9.28 While recent studies have found that vaccination for COVID-19 may at least partially 
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reduce risk for Long COVID,29 vaccination also helps prevent severe COVID-19, which may account for the reduction 
in Long COVID risk to a degree. 


Many individuals with Long COVID have had to adjust to an entirely new way of life. 


Many individuals with Long COVID have had to adjust to an entirely new way of life, either due to acquired physical 
or cognitive disability, or due to the social and occupational consequences of those limitations. The impact on 
individual functioning varies greatly; many individuals have become unable to continue their normal daily routines, 
while others find that they can still somewhat manage their responsibilities, but with significantly greater effort. Both 
scenarios can present substantial cognitive and mental health challenges, leaving patients with Long COVID feeling 
fatigued, unable to take pleasure from activities they once enjoyed, and feeling anxious and fearful of whether they 
will be able to return to their baseline level of functioning. Altogether, the multifactorial nature of Long COVID has 
been a challenge to understand, leaving researchers with more questions than answers regarding the biological, 
psychological, and sociological underpinnings of Long COVID cognitive and psychiatric sequelae. 


Potential Mechanisms 


The mechanisms underlying cognitive dysfunction and 
mental health disorders in patients with Long COVID 
are still not entirely clear. Several hypotheses have 
been formulated to explain the impact of SARS-CoV-2 
on the central nervous system (CNS), including direct 
(e.g., viral invasion) and indirect (e.g., inflammation, 
hypoxia, vascular dysfunction) causes. In line with the 
behavior of prior coronaviruses and based on 
evidence from clinical, pathological, and molecular 
studies,2° it is possible that the virus may invade the brain via the olfactory nerve, which is responsible for sense of 
smell, thereby inducing CNS damage and neuroinflammation. However, this hypothesis remains controversial as most 
of the evidence has been from autopsy studies. Other investigations have failed to find viral proteins in cerebrospinal 
fluid of survivors.31 


A more likely explanation is that of systemic immune dysfunction, 


including neuroinflammation and autoimmune dysregulation, which A more likely explanation is that of 
can cause damage to the brain.3233 Indeed, studies examining systemic immune dysfunction, 
blood and cerebrospinal fluid in COVID-19 survivors have found including neuroinflammation and 
elevated inflammatory markers, characteristic of an aberrant autoimmune dysregulation, which 
neuroimmune response or “cytokine storm” in both severe and can cause damage to the brain. 


non-severe cases,34-36 This cytokine cascade can trigger vascular 

inflammation and cause vascular dysfunction,37 including 

thrombosis and microangiopathy (microscopic blood clots), which can lead to neurologic symptoms and stroke.38 
These proposed mechanisms are generally consistent with Long COVID cognitive and psychiatric sequelae, as 
inflammation is a well-known risk factor for cognitive impairment and psychological morbidity,32 even months after 
the initial illness.4° A recent study in COVID-19 survivors demonstrated that systemic inflammation following hospital 
discharge was able to predict both cognitive dysfunction and depression severity at three-months follow-up.4? In 
addition, cerebrovascular disease and stroke have also been associated with cognitive impairment and depression.‘2 


Part of the challenge with understanding the pathophysiology of Long 
COVID is the diverse clinical presentations of acute COVID-19. 
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The majority of COVID-19 survivors have mild/asymptomatic or moderate acute disease. In these cases, inflammatory 
(i.e., cytokine storm) or vascular mechanisms appear to be the predominant CNS complication. For critically ill 
survivors, the impact to the CNS may be multifactorial and also include hypoxia, hospitalization-related factors (e.g., 
sedatives, steroid medications, being on a ventilator, delirium), and other systemic and metabolic disturbances.43 This 
is consistent with the well-known literature on post-intensive care syndrome (PICS) .44 


Recent neuroimaging studies have begun to shed light on the potential for SARS-CoV-2 to injure the brain (i.e., 
directly or indirectly) and contribute to cognitive and psychiatric sequelae. A recent UK Biobank study*® with pre- and 
post-infection brain scans of 401 mild SARS-CoV-2 cases and 384 non-infected controls found that, in comparison 
to controls, SARS-CoV-2 cases had greater tissue damage in regions connected to the olfactory cortex (linked to 
sense of smell), greater reduction in overall brain volume, and greater cognitive decline. Other neuroimaging studies 
have similarly demonstrated widespread disruption of microstructural brain integrity as well as hypometabolism in 
frontoparietal and medial temporal areas post-COVID-19, regions that are highly implicated in cognitive processes 
and mental health disorders.4749 Such studies are critical for our understanding of Long COVID symptoms, as it helps 
us make sense of brain-related changes that could help explain post-COVID cognitive and psychiatric symptoms. 


SARS-CoV-2 Infection and the Global Pandemic Environment 


In addition to the mental health challenges that may contribute to Long COVID, other social factors inherent to the 
global pandemic have made it challenging to determine whether those infected by SARS-CoV-2 differ from those 
merely affected by the global pandemic. In addition to examining biological mechanisms, one must consider the 
context or environment in which the condition exists. Long COVID came into existence against the backdrop of a 
global pandemic with tremendous social and political changes. With the rapid spread of SARS-CoV-2 arose the strict 
implementation of widespread social restrictions (e.g., quarantine, social distancing measures), which initiated and 
exacerbated behavioral and cognitive symptoms in a substantial proportion of the population. 


In an effort to protect the groups most vulnerable 

to morbidity and mortality from COVID-1 9, social Certain groups of 

restrictions during the pandemic also resulted in bisa peel 
, individuals, such as 

loss of important resources, including 

unemployment, adequate healthcare access, and healthcare workers, 


for many, companionship and social support. In children and adolescents, 
the first year of the pandemic alone, the WHO older adults and those with 
reported that there was a 25% increase in a, 

ed ; pre-existing mental health 
anxiety and depression in the general population. ; 
Social isolation from quarantine measures was or substance use disorders; 
associated with increased depression, anxiety, have been 


and loneliness,5° which persisted over time. Even disproportionately® 
two | hile the lifting of social Y 
years later, while the lifting of socia 


restrictions has somewhat improved the 


impacted by the 's@cial 


situation, nationwide surveys have shown that ramifications of the 
loneliness, fear of infection, survivor's guilt, pandemic. 
financial worries, bereavement, and “pandemic 


fatigue” have perpetuated mental health problems.51 


Certain groups of individuals, such as healthcare workers, children and adolescents, older adults and those with pre- 
existing mental health or substance use disorders, have been disproportionately impacted by the social ramifications 
of the pandemic. Frontline healthcare workers, for example, have had to manage an exceptional number of 
challenges in the delivery of quality care, working extremely long hours under high pressure, all while fearing infection 
and facing moral dilemmas relating to lack of equipment, low staffing, and ambiguous treatment guidelines early in 
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the pandemic. As a result, one study showed that, regardless of COVID-19 status, 53% of healthcare workers 
reported symptoms of at least one mental health condition, including depression (32%), anxiety (30%), PTSD 
(37%), and suicidal ideation (8%) 52:53 


Parents of young children have experienced significantly greater stress and mental health burden than those without 
young children.54 Similarly, children between the ages of 5 and 7 have reported heightened stress and feeling 
nervous or anxious since the beginning of the pandemic.5® Children and adolescents have faced disruptions in their 
daily routines, learning and socialization, together with loss of loved ones.°® Likely a result of this high stress 
environment, many children have also faced increased adversity at home, including greater risk of domestic violence 
and maltreatment.°7 


Older adults have a higher risk of infection and mortality from COVID-19, and as such, social isolation has become a 
necessary problem for this population. The effect of loneliness on older adults has been a topic of particular concern, 
as it has been associated with increased risk of hospitalization.5 One study found that approximately 40% of adults 
over age 60 reported loneliness during the pandemic, which led to increased risk of mental health problems.59 
Conversely, another study found that a recent diagnosis of a mental health disorder predicted increased risk for 
COVID-19 infection and adverse COVID-19 outcomes.®° 


Those with pre-existing mental health or substance use disorders are also at high 
risk for poor mental, cognitive, and physical health outcomes. 


Individuals with a prior psychiatric history showed significantly higher scores on scales for general psychological 
disturbance, posttraumatic stress disorder (PTSD), and depression.®' Those with psychosis have been observed to 
have greater risk of death from COVID-1 9.62 Increases in substance use and drug overdoses in the United States have 
steadily accelerated since March 2020, with approximately 13% of United States adults reporting they had either 
started or increased use of illicit substances to cope with stress or emotions related to COVID-1 9.6364 Further, the 
pandemic continues to eel unique challenges for people in substance use recovery, with disruption in treatment 
—" _ = availability and limited 


___All of this has occurred in the context "°°* tOssupport groups.’ 
“ All of this has occurred in 
j of completely or partially disrupted the context of completely or 
mental health services and resources. © partially disrupted mental 
Tus, tt 1S Nica that we consider _ health services and 


66 ty 
isk groups « fee COOUICES. Thus, it is 
critical that we consider 


improve agccss these and other high-risk 
ntal healthcare. —_groups as we seek 
S\ cele : b > ae. solutions to improve access 


to mental healthcare. 


Widening of Health Disparity Gaps 


The COVID-19 pandemic initially unfolded amidst protests, calling for increased racial equity for Black populations, as 
well as an increase in discrimination and hate crimes of Asian individuals.®” In the setting of pre-existing systemic 
inequities and a myriad of other social factors, the occurrence, severity, and outcomes of COVID-19 have 
disproportionately impacted racial and ethnic minority groups. Indeed, overall age-adjusted COVID-19-related deaths 
in the United States have been highest among non-Latinx Black and non-Latinx American Indian/Alaskan Native 
populations. The prevalence of COVID-19 cases and hospitalizations have also been greatest among Black and 


Overview of the Impacts of Long COVID on Behavioral Health 
January 2023 


Latinx communities nationwide.®8 While the causes of COVID-19 health inequities are multifactorial, social 
determinants of health are likely most responsible. 


In the setting of 
pre-existing 
systemic inequities 
and a-myriad, of 
other social-factors, 
the occurrence, 
severity, and 


outcomes of 


COVID=19 have 
disproportionately 
impacted-racial and 
ethnic minority 


The model of allostatic load and oxidative stress 
provides a clear link between psychosocial 
stressors and chronic health conditions, leading to 
reduced immunity, inflammation, and 
consequently, to negative health outcomes.®9 This 
model suggests that experiences with 
discrimination and racism are powerful 
determinants of health and mental health.7° In 
addition, differences in environmental exposure, 
differential access to testing and treatment, social 
disadvantages (e.g., socioeconomic status, 
unemployment, inadequate health insurance), and 


| susceptibility from common pre-existing comorbid 


health conditions, have all served to continually 
widen health disparity gaps.” As a result, the 
mental health ramifications of COVID-19 inequities 


grou DS have been substantial. Rates of depression have 
} increased during the pandemic across all racial and 
ethnic groups. Black, Latinx, and Asian children, 


who are twice as likely as non-Latinx white children to live with a 

grandparent or older caregiver, have had higher rates of bereavement during This model suggests that 
the pandemic, as well as a greater risk of orphanhood due to COVID-1 9- experiences with 

related deaths of grandparents or caregivers.72 Further, access to discrimination and racism 
appropriate mental health care has been a significant barrier for racial and are powerful determinants 
ethnic minority populations, with one study reporting that only 31% of Black of health and mental health. 
participants received mental health treatment, compared with 48% of White 

participants. 73 


The higher prevalence and severity of COVID-19 in racial and ethnic minority groups, in the 
setting of pre-existing social and economic inequities, suggests that this population may also be 
differentially impacted by the chronicity of Long COVID. 


As such, particular attention should be paid to providing equitable access to treatment and other resources (e.g., 
access to specialized post-COVID-1 9 clinics, rehabilitation), increasing inclusion of racial and ethnic minoritized 
groups in clinical trials and other research, and spreading awareness about Long COVID through community outreach 
and engagement groups. 


Potential Long-Term Implications 


Given the known implications of cognitive and psychiatric symptoms included in the global burden of disability, it 
seems particularly appropriate to project how the effects of Long COVID on the CNS will continue to contribute to 
chronic disease burden in the coming years. While anecdotal reports of symptom improvement have recently begun 
to emerge, there is also evidence that a subset of patients with Long COVID may endure persistent, long-term (i.e., 
at least 1 year after acute COVID-19 diagnosis) neurologic and psychiatric disorders.’ Some risk factors for long- 
term sequelae have been proposed, including severity of acute COVID-19, cerebrovascular events (e.g., strokes) and 
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chronically elevated inflammatory markers. However, adequate characterization of the longitudinal trajectory of post- 
COVID-19 cognitive and psychiatric sequelae and associated risk factors is still needed. 


Extrapolating from other research areas, it is possible that COVID-19 may confer an increased risk for developing 
neurodegenerative diseases.75>-77 Multiple lines of evidence suggest that certain viral infections may increase risk for 
neurodegenerative and neurobehavioral conditions.78 Prior to the pandemic, this had been extensively studied in 
common viral infections such as Epstein-Barr virus (EBV) and herpes simplex virus 1. (HSV1), which have been 
associated with molecular processes in cognitive decline, Alzheimer's, and Parkinson's disease.728° It is suspected 
that neuroinflammation may occur as a result of these viruses, which accompanies the most common 
neurodegenerative disorders. Similarly, the cytokine storm and neuroinflammation resulting from COVID-19 is likely a 
key contributor to the neurologic and psychiatric sequelae of COVID-1 9. 


Indeed, inflammation is a known risk factor for cognitive impairment and neurodegenerative disease, and there are 
several inflammatory markers implicated in this relationship, including interleukin (IL)-6 and tumor necrosis factor 
alpha (TNF-a).8182 These and other inflammatory markers have been found to be elevated in patients with Long 
COVID,8384 suggesting they may be associated with long-term sequelae. Acute COVID-19 is also associated with 
heightened risk of stroke, which has been independently associated with cognitive decline and dementia.8> Similarly, 
olfactory dysfunction, or dysfunction in sense of smell, which is commonly reported by COVID-1 9 survivors,8& may 
also confer long-term cognitive impairment risk. In other conditions (e.g., mild cognitive impairment, Alzheimer’s 
disease), olfactory dysfunction has been considered a marker for cognitive impairment and neurodegeneration.8788 


Survivors of severe COVID-19 who required hospitalization or intensive care are likely at particular risk for poor long- 
term outcomes, just as other critical illnesses have consistently posed challenges for survivors.®9 It is well-known that 
patients with acute respiratory distress syndrome (ARDS) can experience a high prevalence of cognitive 
impairment,2° with approximately 45% exhibiting long-term deficits, even after 5-years.9192 Similar data exist for 30- 
80% of patients treated in the intensive care unit for any etiology, known as PICS, which can result in a constellation 
of long-term cognitive, psychiatric, and/or physical disability.23 While cognitive and psychiatric sequelae can improve 
over time for a subset of individuals,94 extrapolating from other illnesses, a substantial proportion may remain with 
long-term chronic sequelae.95 


Drawing parallels from prior human coronaviruses also provides insight into the potential long-term implications of 
SARS-CoV-2 infection. Following the SARS-CoV-1 pandemic of 2002 and MERS-CoV in 2012, a systematic review 
found that approximately 19% of survivors had memory impairment and 33% had executive dysfunction post- 
illness.9° A follow-up study of SARS-CoV-1 survivors also found that four years later, psychiatric morbidities and 
chronic fatigue continued to be clinically significant, including PTSD (55%), depression (39%), panic disorder 
(33%), and obsessive compulsive disorder (15.6%).97 Additionally, the emergence of mental health disorders in 
middle to late life has been associated with poor long-term health outcomes, including cognitive decline, dementia, 
and increased risk of mortality.98 


Taken together, these data strongly support an expected increase in cognitive and psychiatric sequelae of COVID-19 
infection in the coming years, including cognitive decline, dementia, and affective disorders, among others.99 From a 
health systems viewpoint, given the volume of COVID-19 cases and the chronicity and consequences of cognitive 
and psychiatric sequelae, there are likely to be substantial effects on health and social care systems. 


Future Directions for Long COVID Recovery 


Among the highest priority in supporting Long COVID recovery is addressing the stigma that individuals 
with Long COVID are facing. Perhaps because mental health disorders represent one aspect of the multifaceted 
nature of Long COVID, many have dismissed Long COVID as a psychosomatic condition with non-biological 
underpinnings. This dismissal is contrary to scientific evidence and is exceptionally harmful for the patients 
and communities impacted. Many individuals have been met with disbelief about their condition, leaving their 
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health needs entirely unaddressed. The mental health effects of this 
failure alone cannot be overstated. These challenges predominantly 
affect structural-level decision making and prevent adequate 
resources to be allocated in clinical settings.1°° Together with the 


Together with the ambiguity of its 
diagnostic criteria and a lack of 
appropriate treatment options, it 


ambiguity of its diagnostic criteria and a lack of appropriate treatment is likely that the prevalence of 
options, it is likely that the prevalence of Long COVID is drastically Long COVID is drastically under- 
under-reported by patients and poorly recognized in clinical reported by patients and poorly 
settings.1°! It is also worth noting that Long COVID bears a recognized in clinical settings. 


resemblance to several functional somatic syndromes (e.g., chronic 

fatigue syndrome, fibromyalgia) characterized by chronic symptoms of unclear etiology, which have also been 
historically associated with stigma.1°2 As we move forward in the pandemic, national health systems have a 
responsibility to address stigma faced by Long COVID patients in order to ensure the best possible outcomes for 
their recovery. 


As Long COVID becomes increasingly recognized as a novel and potentially chronic health condition, healthcare 
systems will continue to face significant pressure from demands for services. From a clinical standpoint, managing 
patients with Long COVID will require a multidisciplinary effort, given the multiple organ systems often involved, 
Primary care physicians (PCPs) will likely be gatekeepers in this regard, and will be challenged with recognizing, 
documenting, managing ongoing symptoms, and directing patients to the appropriate line of care and treatment. In 
this light, PCPs should be made aware of the myriad of presentations of Long COVID and become familiar with the 
latest research. Routine assessment and screening for Long COVID symptoms, especially mental health and cognitive 
symptoms, would be particularly useful among those at greatest risk, such as those hospitalized for severe COVID- 
19. Importantly, PCPs and other specialists should also become aware of the local and virtual multidisciplinary 
resources to help patients manage symptoms of Long COVID. Finally, given potential cognitive limitations, it is 
imperative that all clinicians provide information in accessible formats, including resources for clinical trials and 
support groups in the community. 


Considering the high frequency 
of neurologic and psychiatric 
symptoms involved in Long 
COVID, neuropsychologists, 
behavioral neurologists, and 
psychiatrists have been 
especially in demand. However, 
the increased referral volume 
has already translated to 
substantially increased wait- 
times for appointments, further 
prolonging patients’ options for 
recovery. Healthcare systems 
should consider integrating 
such specialists into primary 
care settings to promote more 
rapid clarification of diagnosis and treatment options for the debilitating cognitive and psychiatric symptoms 
experienced by some Long COVID patients. Further, neuropsychologists and those administering 
neurocognitive testing should take special care in their selection of measures with adequate sensitivity and 
specificity, recognizing that the cognitive impairment present in this population may differ in severity than 
frequently seen in other populations (e.g., dementia). Particular attention to cognitive reserve and patients’ 
premorbid level of functioning will be critical in this regard.1°3 


Managing patients with Long 
COVID will require a ( : 
multidisciplinary effort, given the — =" 
multiple organ systems often 
involved. Primary care physicians 
(PCPs) will likely be gatekeepers 
in this regard, and will be 
challenged with recognizing, 
documenting, managing ongoing 
symptoms, and directing 
patients to the appropriate 
line of care and treatment. 
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Given proven efficacy of cognitive rehabilitation (CR) for other clinical and healthy aging 


104,105 


populations,” referrals for CR may also be prudent. 


CR interventions have been shown to improve cognitive, emotional, and functional outcomes for other neurologic 
conditions, and studies using magnetic resonance imaging (MRI) have consistently shown structural and functional 
changes after CR in participants with acquired brain injuries (e.g., stroke, traumatic brain injury, chemotherapy-related 
Cl) 196-112 CR is linked to the concept of neuroplasticity whereby, through practice, the brain can create new neural 
connections, or strengthen existing ones.113 This leads to reinforcement of the trained cognitive capacity, and often 
to related abilities as well. Given accumulating evidence of COVID-1 9's potential to injure the brain,!'4 together with 
objective data of post-COVID-19 cognitive and psychiatric sequelae across studies, it is likely that Long COVID 
patients could derive significant benefit from CR. However, there is not yet empirical data showing the benefits of CR 
in this population. 


TN 


Healthcare systems should consider 
integrating such specialists into primary 
care settings to promote more rapid 
clarification of diagnosis and treatment 
options for the debilitating cognitive 
and psychiatric symptoms experienced 
by some Long COVID patients. 


Dedicated Long COVID clinics have rapidly been established since the onset of the pandemic and are an excellent 
resource for comprehensive care. While many of these multidisciplinary clinics allow patients access to a variety of 
specialists in one place, others are more of a referral hub that helps triage patients with Long COVID and direct them 
to specialists within a particular healthcare system. The value of these dedicated clinics cannot be overstated; 
however, many of them lack the funding and resources to help their patients in a timely and efficient manner. For 
example, after being seen in a clinic, patients are often placed on long waitlists to be seen by other specialists. As 
such, integration of these specialists, such as neuropsychologists, who can address both the cognitive and psychiatric 
needs of these patients, would be extremely valuable. Furthermore, despite being embedded in major health systems 
and accepting all health insurance, many of the patients presenting to these clinics are affluent, privately insured 
individuals.115 As such, health systems should consider providing more resources for community outreach and patient 
advocacy groups to improve access to care and inclusion of all individuals. 


Long COVID can have highly variable impacts on patients’ daily 
functioning. Fortunately, Long COVID is now considered a disability 
under the Americans with Disabilities Act (ADA), Section 504 of the 
Rehabilitation Act, and Section 1557 of the Affordable Care Act so long 
as it “substantially limits one or more major life activities,"116 which can 
include a wide range of functional tasks such as caring for oneself, 
concentrating, sleeping, eating, and many others. Even if the functional 
impairment waxes and wanes, it can still be considered a disability. 
Under the ADA, individuals who qualify can be provided “reasonable individuals. 
modifications” at work, such as modified work hours, telecommunicating, 

phased returns, or a number of other accommodations. 


Health systems should 
consider providing more 
resources for community 
outreach and patient advocacy 
groups to improve access to 
care and inclusion of all 


Unfortunately, many individuals with Long COVID have reported 
experiencing triggers and worsening of their symptoms upon returning to 
the stress of their jobs, despite accommodations. In cases where an 
individual is unable to perform essential job functions despite 
accommodation, they may qualify for long-term disability benefits if their 
symptoms have occurred for at least one year or longer. However, one of 
the significant challenges faced by individuals with Long COVID is that 
many of the Long COVID symptoms are self-reported (e.g., fatigue, 
difficulty concentrating, headaches, anxiety), which are often viewed 
unfavorably by long-term disability carriers and the Social Security 
Administration. Thus, treating clinicians will be instrumental in this regard, 
helping patients compile sufficient evidence of their condition and assisting 
disability carriers to differentiate legitimate claims from fraudulent ones. 


With millions of individuals affected, cognitive and psychiatric sequelae 
pose significant public health challenges for patients’ recovery. Healthcare 
systems will continue to require more financial resources to assess and 
treat Long COVID patients in a timely manner. More research will be 
needed to help clinicians streamline referral processes and make 
recommendations for evidence-based treatments. 


Methodological Limitations of Existing Studies 
and Goals for Future Research 


The onset of the COVID-19 pandemic spurred a rapid acceleration of 
scientific endeavors, with approximately 4% of the world's research output 
devoted to COVID-19 in 2020 alone.117 Not known at that time was that 
COVID-19 would extend into a prolonged post-acute syndrome for at least 
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With millions of individuals 
affected, cognitive and 
psychiatric sequelae pose 
significant public health 
challenges for patients’ 
recovery. Healthcare 
systems will continue to 
require more financial 
resources to assess and 
treat Long COVID patients 
in a timely manner. More 
research will be needed to 
help clinicians streamline 
referral processes and 
make recommendations for 
evidence-based treatments. 


one third of survivors.'18-120 Despite the mountain of research on Long COVID since then, there are several 
outstanding research goals that need to be met in order to improve our understanding of the cognitive and 


psychiatric sequelae of Long COVID. 


@ Better operationalization of Long COVID through phenotyping. The rapidly evolving research base 
and lack of non-standardized criteria has made prevalence estimates of Long COVID challenging. It has also 
impacted research on its etiology, treatment options, and diagnosis. The extant literature increasingly discusses 
the need to better operationalize Long COVID to allow for the development of appropriate diagnostic criteria. 
However, characterizing Long COVID as a single syndrome, as opposed to classifying individuals based on 

clinical presentation, may be hindering our understanding of the 


Long COVID is now considered 
a disability under the Americans 
with Disabilities Act (ADA), 
Section 504 of the Rehabilitation 
Act, and Section 1557 of the 
Affordable Care Act so long as it 
“substantially limits one or more 


aire ae Ns COVID" box. 
major life activities. 


pathophysiology, prognosis, and consequently, effective 
treatment approaches. The range and severity of cognitive and 
psychiatric sequelae are varied and thus, an appreciation of this 
complexity across studies is critical. As we attempt to develop 
the nomenclature and operationalization of post-COVID-19 
cognitive impairment, it would be prudent for researchers to 
avoid arbitrarily grouping all individuals within a single “Long 
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The range and severity of cognitive and psychiatric sequelae are varied and 
thus, an appreciation of this complexity across studies 1s critical. 


Several studies have already begun attempts to characterize phenotypes by clustering Long COVID symptoms. 
For example, one study utilizing a self-reported survey of 2,550 participants found that Long COVID symptoms 
mainly clustered in two groups: 1) a majority cluster, with 88.8% of the sample reporting fatigue, 
cardiopulmonary, and cognitive symptoms, and 2) a minority cluster (12%) with multi-organ symptoms and 
more severe functional impact associated with lower income and younger aged patients.121 While informative, 
there are likely enormous differences in the pathophysiology and natural history of patients who were critically 
or severely acutely ill with COVID-19 versus those with mild or asymptomatic disease. Similarly, there are likely 
differential impacts on the CNS in older adults who are more susceptible to neurologic insults than younger 
adults. Thus, the underlying biology of cognitive and psychiatric symptoms may be entirely distinct, as well as 
the risk it confers for particular cognitive and behavioral trajectories (i.e., whereby some patients are more 
likely to improve, whereas others may remain impaired or continue declining). 


Other phenotypes may also emerge in the process, such as individuals infected by differing COVID-19 variants, 
those with breakthrough infections following vaccination, and those with a history of other viral illnesses (e.g., 
EBV) or pre-existing autoimmune conditions. 


2] Inclusion of well-matched, non-infected control groups. Pre-existing risk factors for cognitive decline 
are common in COVID-19 survivors, 122123 making it challenging to determine the degree to which these and 
other pandemic-related factors may be contributing to post-COVID-19 cognitive symptoms.'22 Studies 
including well-matched non-COVID controls are needed'25.126 in order to help clarify whether COVID-1 9 is 
sufficient to cause and perpetuate cognitive and psychiatric symptoms. That is, there are substantial differences 
in cognitive functioning and mental health of those /nfected by SARS-CoV-2 in comparison to those affected by 
the pandemic, and thus non-infected control groups will be critical to our understanding of the biological 
underpinnings of Long COVID cognitive and psychiatric symptoms. 


Researchers studying the cognitive and psychiatric sequelae of Long COVID 
should attempt to further delineate subtypes by studying symptoms and 
trajectories of particular groups stratified by 


¥ COVID-19 severity 
v Age 


Vv Pre-existing cognitive and/or mental health disorders 


Y Family history of dementia or mental health disorders which predispose 
patients to have cognitive impairment or mental health sequelae. 


© More rigorous assessment of cognitive and psychiatric symptoms. Robust collection of cognitive 
and mental health data has been hindered by COVID-19's transmissibility and social restrictions of the 
pandemic. Most studies have resorted to suboptimal assessments, including remote (e.g., online or telephonic) 
administration of cognitive measures, '2’.128 self-reported surveys of cognitive dysfunction and mental health 
disorder,'29 and utilization of brief dementia screeners (e.g., the Montreal Cognitive Assessment) 130132 which 
are not sensitive for milder cognitive impairment.33 Similarly, brief telephonic surveillance reports have been 
widely used to screen for post-COVID-19 psychiatric symptoms, which are often unreliable.134135 F 


Further, there 
is considerable variability across studies in the screening tools used and their respective cutoffs. Gold standard 
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assessments for behavioral and cognitive symptoms should be prioritized, and uniformity in the ways in which 
symptoms are assessed across studies is recommended. 


(4) Assessment across the spectrum of COVID-19 severity. Studies on post-COVID-19 cognitive 
impairment have largely focused on hospitalized patients with severe disease.136139 However, these studies are 
not representative, as the majority of 
COVID-19 survivors have mild to Gold standard 
moderate disease and do not require 
hospitalization. This is particularly true 


assessments for 


for the most recent COVID-19 behavioral and cognitive 
survivors infected with the Omicron symptoms should be’ 
variant or for vaccinated individuals prioritized, and 

with breakthrough infections. More uniformity in the ways in 
recent investigations have shifted to _@nhich symptoms are 


studying those with mild COVID-19, 
but follow-up times have been 
variable, making it difficult to 
determine a particular trajectory. 


assessed acrdss studies 
is recommended. 


Researchers should consider studying individuals across the spectrum of disease severity, 
using recommended guidelines'” in order to appropriately characterize the prevalence and 
trajectories of cognitive and psychiatric sequelae across groups. 


S Improve sampling and inclusion of The majority of participants with access to 
racial and ethnic MmunGrity Qroups: specialized post-COVID clinics tend to be affluent 
Several studies have inherent sample or and privately insured. As such, despite the 


selection biases, whereby only participants 
presenting with specific Long COVID concerns 
or attending specialized post-COVID clinics 
are included, rather than including a larger 
sample of all COVID-19 survivors. This is 
particularly problematic given that the majority of participants with access to specialized post-COVID clinics 
tend to be affluent and privately insured. As such, despite the disproportionate impact of COVID-19 on racial 
and ethnic minorities,'41 these populations have been underrepresented in Long COVID studies. Inclusion of 
minoritized groups will be crucial moving forward in order to improve generalizability of results. To that end, 
researchers should consider establishing community outreach and patient advocacy programs in order to 
increase awareness of Long COVID, reduce stigma of cognitive and psychiatric sequelae, and engage 
community members in Long COVID research. It would also be prudent to directly engage patients in the 
description of their Long COVID symptoms. 


disproportionate impact of COVID-19 on racial 
and ethnic minorities, these populations have 
been underrepresented in Long COVID studies. 


Researchers should consider establishing community outreach and patient advocacy 
programs in order to increase awareness of Long COVID, reduce stigma of cognitive 
and psychiatric sequelae, and engage community members in Long COVID research. 


@ Other recommendations. Other epidemiological limitations have also been highlighted as methodological 
concerns in current research.'42 Small sample sizes plague existing studies, resulting in low power, limited 
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external validity, and an inability to properly control for potential confounders.'43:144 For example, it is well 
known that psychological morbidity, psychosocial stressors, and sociocultural factors are bidirectionally 
associated with cognitive impairment, and thus, all of these factors should be accounted for in future studies. 
There is also a need to explore interactions of social, structural, and systemic inequalities, and other 
medical comorbidities, with risk of mental health and cognitive sequelae. More rigorous and 


Despite the disproportionate impact of COVID-19 
on racial and ethnic minorities, these populations 
have been underrepresented in Long COVID 


studies. Inclusion of minoritized groups will be 
crucial moving forward in order to improve 
generalizability of results. 


standardized criteria for defining COVID-19 status (e.g., serology confirmed vs. self-reported) and COVID-19 
disease severity is also needed. 


To some degree, the limitations mentioned above were expected early in the pandemic, given its rapid onset 
and associated practical and safety limitations. However, over two years into the pandemic, it is both feasible 
and necessary for researchers to change their approach in order to facilitate our understanding of the 
prevalence, risk factors, and biological bases of Long COVID-related cognitive and psychiatric sequelae, in 
order to provide appropriate management and care to patients. 


Summary and Conclusions 


The COVID-19 pandemic has had profoundly adverse impacts on cognitive and mental health at the population level. 
While significant advances have been made, scaling up proven cognitive and mental health strategies and 
interventions to meet the ever-growing needs of patients with Long COVID continues to be a challenge. Large gaps 
remain between the number of people who need care for Long COVID cognitive and psychiatric sequelae and those 
who receive it. To that end, greater allocation of healthcare resources is needed to adequately support and provide 
interdisciplinary care to patients with Long COVID, with particular attention to health equity and equal access to care 
for all populations. 


As we develop best practices for treatment and management of patients with Long COVID, we must also promote a 
reduction in the stigma associated with the condition. While recognizing the psychological aspects of Long COVID is 
critical, an over-emphasis can be harmful and present major barriers to healthcare seeking, increased social 
marginalization and distrust in medicine, and distortion of public perceptions 
of risk.145 A reduction in Long COVID stigma will allow for greater 
mobilization of resources to refine Long COVID definitions and help 
increase our understanding of its pathophysiology. 


Despite the clear pattern of 
brain changes associated 
with Long COVID, the 


Finally, development of easily accessible treatment approaches for cognitive brain’s plasticity, or 

and psychiatric sequelae is also in great need. Despite the clear pattern of capacity for a degree of 
brain changes associated with Long COVID, the brain's plasticity, or structural and functional 
capacity for a degree of structural and functional recovery, is believed to recovery, is believed to 


exist across all individuals, regardless of age or health status.14¢ Thus, it is 
of great scientific and clinical relevance to continue to improve our 
understanding of Long COVID due to the possible reversibility, opportunities 
for prevention, intervention, and mitigation of long-term consequences. 


exist across all individuals, 
regardless of age or health 
status. 


15 


Overview of the Impacts of Long COVID on Behavioral Health 
January 2023 


References 


N 


Centers for Disease Control. (2022). Long COVID or Post-COVID Conditions. Retrieved from: 
https://www.cdc.gov/coronavirus/201 9-ncov/long-term-effects/index.html. 


Centers for Disease Control. (2022). Post-COVID Conditions: Information for Healthcare Providers. Retrieved from: 


4+ 


httos://www.cdc.gov/coronavirus/201 9-ncov/hcp/clinical-care/post-covid-conditions.html. 


U.S. Department of Health and Human Services, COVID.gov. What is Long COVID? Retrieved from: 
https://www.covid.gov/longcovid/definitions. 


See Reference 1. 


World Health Organization. (2021). A clinical case definition of post COVID-19 condition by a Delphi consensus, 6 
October 2021. Retrieved from: https://www.who.int/publications/i/item/WHO-201 9-nCoV-Post_COVID- 
19 _condition-Clinical_case_definition-2021.1. 


Yoo, S.M., Liu, T.C., Motwani, Y., et al. (2022). Factors Associated with Post-Acute Sequelae of SARS-CoV-2 
(PASC) After Diagnosis of Symptomatic COVID-19 in the Inpatient and Outpatient Setting in a Diverse Cohort. 
Journal of General Internal Medicine. 2022:1-8. Retrieved from: https://doi.org/10.1007/s1 1 606-022-07523-3. 


Davis, H.E., Assaf, G.S., McCorkell, L., et al. (2021). Characterizing Long COVID in an international cohort: 7 
months of symptoms and their impact. EC/inicalMedicine 2021 ;38:101019. Retrieved from: 
https://doi.org/10.101 6/j.eclinm.2021.101019, 


U.S. Government Accountability Office. (2022). Science & Tech Spotlight: Long COVID. Retrieved from: 
httos://www.gao.gov/products/gao-22-105666. 


FAIR Health. (2022). Patients Diagnosed with Post-COVID Conditions: An Analysis of Private Healthcare Claims 
Using the Official ICD-10 Diagnostic Code. Retrieved from: 
https://s3.amazonaws.com/media2.fairhealth.org/whitepaper/asset/Patients%20Diagnosed% 2 Owith%20Post- 
COVID%2O0Conditions%20-%20A%2OFAIR%20Health%2OWhite%2OPaper.pdf. 


See Reference 9. 
See Reference 7. 


Goértz, Y.MJ., Van Herck, M., Delbressine, J.M., et al. (2020). Persistent symptoms 3 months after a SARS-CoV-2 
infection: the post-COVID-19 syndrome? FA/ open research 2020;6(4) Retrieved from: 


https://doi.org/10.1183/231 20541 .00542-2020, 
Baig, A.M. (2020). Deleterious Outcomes in Long-Hauler COVID-19: The Effects of SARS-CoV-2 on the CNS in 


Chronic COVID Syndrome. ACS Chemical Neuroscience 2020/11 (24):4017-4020. Retrieved from: 
ttps://doi.org/10.1021 /acschemneuro.0c00725. 


>: 


Alnefeesi, Y., Siegel, A., Lui, L.M.W., et al. (2021). Impact of SARS-CoV-2 Infection on Cognitive Function: A 
Systematic Review. Frontiers in Psychiatry 2020;11:621773. Retrieved from: 


https://doi.org/10.3389/fosyt.2020.621773. 


emanno, F., Houdayer, E., Parma, A., et al. (2021). COVID-19 cognitive deficits after respiratory assistance in the 
subacute phase: A COVID-rehabilitation unit experience. PLoS One 2021;16(2):e0246590. Retrieved from: 
https://doi.org/10.1371/journal.pone.0246590. 


> 


Overview of the Impacts of Long COVID on Behavioral Health 
January 2023 


16 Almeria, M., Cejudo, J.C., Sotoca, J., Deus, J., Krupinski, J. (2020). Cognitive profile following COVID-1 9 infection: 
Clinical predictors leading to neuropsychological impairment. Brain, Behavior, & Immunity - Health 
2020;9:1001 63. Retrieved from: https://doi.org/1 0.101 6/j,bbih.2020.1001 63. 


N 


Nakagome, K. (2017). Cognitive impairment in psychiatric disorders. Psychiatry and clinical neurosciences 
2017;71 (5):293. Retrieved from: https://doi.org/10.11141/pcen.12517 


Co 


See Reference 7. 


© 


Deng, J., Zhou, F., Hou, W., et al. (2020). The prevalence of depression, anxiety, and sleep disturbances in COVID- 
19 patients: a meta-analysis. Annals of the New York Academy of Sciences 2021;1486(1):90-111. Retrieved 
from: httos://doi.org/10.1111/nyas.14506. 


20 Taquet, M., Geddes, J.R., Husain, M., Luciano, S., Harrison, PJ. (2021). 6-month neurological and psychiatric 
outcomes in 236379 survivors of COVID-1 9: a retrospective cohort study using electronic health records. 7he 
Lancet Psychiatry 2021;8(5):416-427. Retrieved from: https://doi.org/1 0.101 6/s22 15-0366 (21)00084-5. 


2 £, 


See Reference 19. 


22 Groff, D., Sun, A., Ssentongo AE, et al. (2021). Short-term and Long-term Rates of Postacute Sequelae of SARS- 
CoV-2 Infection: A Systematic Review. JAMA Network Open 2021:4(10):e2128568-e21 28568. Retrieved from: 
https://doi.org/1 0.1001 /jamanetworkopen.2021.28568. 


23 See Reference 20. 


24 See Reference 20. 


2 


ul 


Sugiyama, A., Miwata, K., Kitahara, Y., et al. (2022). Long COVID occurrence in COVID-19 survivors. Scientific 
Reports 2022;12(1):6039. Retrieved from: https://doi.org/1 0. 1038/s41598-022-10051-z. 


2 


a 


Becker, J.H., Lin, JJ., Doernberg, M., et al. (2022). Assessment of Cognitive Function in Patients After COVID-19 
Infection. JAMA Network Open 2021 ;4(10):e2130645. Retrieved from: 
https://doi.org/1 0.1001 /jamanetworkopen.2021.30645. 


2 


N 


See Reference 26. 


2 


Co 


Frontera, J.A., Yang, D., Lewis, A, et al. (2021). A prospective study of long-term outcomes among hospitalized 
COVID-19 patients with and without neurological complications. Journal of the Neurological Sciences 
2021:426:1 17486. Retrieved from: https://doi.org/1 0.1014 6/j.jns.202 1.117486. 


29 AlAly, Z., Bowe, B., Xie, Y. (2022). Long COVID after breakthrough SARS-CoV-2 infection. Nature Medicine. 
2022;28,1461—-1467. Retrieved from: https://doi.org/10.1038/s41 591 -022-01 840-0. 


30 Spudich, S., Nath, A. (2022). Nervous system consequences of COVID-19. Science 2022;375 (6578) :267-269., 
Retrieved from: https://doi.org/10.1126/science.abm2052. 


3 


See Reference 30. 


32 Kim, Y.S., Lee, KJ., Kim, H. (2017). Serum tumour necrosis factor-a and interleukin-6 levels in Alzheimer's disease 
and mild cognitive impairment. Psychogeriatrics 2017;17(4):224-230. Retrieved from: 
httos://doi.org/10.1111/psyg.12218. 


3 


1s) 


Wright, C.B., Sacco, R.L., Rundek, T., Delman, J., Rabbani, L., Elkind, M. (2006). Interleukin-6 is Associated with 
Cognitive Function: the Northern Manhattan Study. Journal of Stroke and Cerebrovascular Diseases 


2006;15(1):34-8. Retrieved from: https://doi.org/10.101 6/j jstrokecerebrovasdis.2005,.08.009, 


34 


3 


uo 


3 


(o>) 


3 


N 


3 


Co 


3 


© 


40 


4 


= 


4 


N 


4 


1) 


44 


4 


on 


46 


47 


48 


4 


Ke] 


50 


Overview of the Impacts of Long COVID on Behavioral Health 
January 2023 


Christensen, R.H., Berg, R.M.G. (2021). Vascular Inflammation as a Therapeutic Target in COVID-19 "Long 
Haulers": HllTing the Spot? Frontiers in Cardiovascular Medicine 2021;8:643626. Retrieved from: 
https://doi.org/10.3389/fevm.2021.643626. 


See Reference 32. 
See Reference 33. 
See Reference 34. 


Tavéar, P., Potokar, M., Kolenc, M., et al. (2021). Neurotropic Viruses, Astrocytes, and COVID-19. Frontiers in 
Cellular Neuroscience 2021;15:662578. Retrieved from: https://doi.org/10.3389/fncel.202 1.662578, 


Wachowska, K., Galecki, .P. (2021). Inflammation and Cognition in Depression: A Narrative Review. Journa/ of 
Clinical Medicine 2021;:10(24) Retrieved from: https://doi.org/10.3390/jcm10245859., 


Mazza, M.G., Palladini, M., De Lorenzo, R., et al. (2021). Persistent psychopathology and neurocognitive 
impairment in COVID-19 survivors: Effect of inflammatory biomarkers at three-month follow-up. Brain, Behavior, 
and Immunity 2021;94:1 38-147. Retrieved from: https://doi.org/10.101 6/j.bbi.2021.02.021. 


See Reference 40. 


van Sloten, T.T., Sedaghat, S., Carnethon, M.R., Launer, LJ., Stehouwer, C.D.A. (2020). Cerebral microvascular 
complications of type 2 diabetes: stroke, cognitive dysfunction, and depression. 7he Lancet Diabetes & 
Endocrinology 2020;8 (4) :325-336. Retrieved from: https://doi.org/10.1016/s22 13-8587 (19) 30405-x, 


Bodro, M., Compta, Y., Sanchez-Valle, R. (2020). Presentations and mechanisms of CNS disorders related to 
COVID-19. Neurology Neuroimmunology & Neuroinflammation 2021;8(1) Retrieved from: 
https://doi.org/1 0.121 2/nxii QQOOOO0000000923. 


Yao, L., Li, Y., Yin, R., et al. (2021). Incidence and influencing factors of post-intensive care cognitive impairment. 
Intensive and Critical Care Nursing 2021;67:103106. Retrieved from: 
https://doi.org/1 0.101 6/j.iccn.202 1.103106. 


Douaud, G., Lee, S., Alfaro-Almagro, F., et al. (2022). SARS-CoV-2 is associated with changes in brain structure in 
UK Biobank. Nature 2022. Retrieved from: https://doi.org/10.1038/s41586-022-04569-5, 


See Reference 45. 


in, E., Lantos, J.E., Strauss. S.B., et al. (2020). Brain Imaging of Patients with COVID-19: Findings at an Academic 
nstitution during the Height of the Outbreak in New York City. American Journal of Neuroradiology 


2020;41 (11):2001-2008. Retrieved from: https://doi.org/10.3174/ajnr.A6793. 


u, Y., Li, X., Geng, D., et al. (2020). Cerebral Micro-Structural Changes in COVID-19 Patients - An MRI-based 3- 
month Follow-up Study. FClinicalMedicine 2020;25:100484. Retrieved from: 
https://doi.org/10.101 6/j.eclinm.2020.100484. 


Kremer, S., Lersy, F., de Séze. J., et al. (2020). Brain MRI Findings in Severe COVID-19: A Retrospective 
Observational Study. Radiology 2020;297 (2):E242-e251. Retrieved from: 


https://doi.org/10.1148/radiol. 2020202222. 


Joseph, C.A., O'Shea, B.Q., Eastman, M.R., Finlay, J.M., Kobayashi, L.C. (2022). Physical isolation and mental 
health among older US adults during the COVID-19 pandemic: longitudinal findings from the COVID-19 Coping 
Study. Social Psychiatry and Psychiatric Epidemiology 2022;57 (6):1273-1282. Retrieved from: 

https://doi.org/1 O.1007/s00127-022-02248-4. 


5 


N 


5 


OW 


5 


B 


5 


ol 


5 


(o) 


5 


N 


5 


Co 


5 


© 


60 


6 


62 


6 


ee) 


6 


B 


6 


ol 


6 


(o) 


6 


N 


Overview of the Impacts of Long COVID on Behavioral Health 
January 2023 


Tausch, A., e Souza, R.O., Viciana, C.M., Cayetano, C., Barbosa, J., Hennis, AJ. (2022). Strengthening mental 
health responses to COVID-19 in the Americas: A health policy analysis and recommendations. 7he Lancet 
Regional Health - Americas 2022;5:100118. Retrieved from: https://doi.org/10.1016/j.lana.2021.100118. 


See Reference 51. 


Goyal, K., Sheoran, S., Chauhan, P., Chhikara, K., Gupta, P., Singh, M.P. (2020). Mental health in India: Neglected 
component of wellbeing in COVID-19 era. Asian Journal of Psychiatry 2020;54:102341. Retrieved from: 
https://doi.org/10.101 6/j.ajo.2020.102341, 


Spinelli, M., Lionetti, F., Pastore, M., Fasolo, M. (2020). Parents' Stress and Children's Psychological Problems in 
Families Facing the COVID-19 Outbreak in Italy. Frontiers in Psychology 2020;11 Retrieved from: 
https://doi.org/10.3389/fosyg.2020.01713. 


Alonzo, D., Popescu, M., Zubaroglu loannides P. (2021). Mental health impact of the Covid-19 pandemic on 
parents in high-risk, low income communities. /nternational Journal of Social Psychiatry 202 2;68 (3):575-581. 
Retrieved from: https://doi.org/10.1177/0020764021 991896. 


Gonzalez, S., Bonal, X. (2021). COVID-19 school closures and cumulative disadvantage: Assessing the learning 
gap in formal, informal and non-formal education. European Journal of Education 2021 ;56(4):607-622. Retrieved 
from: https://doi.org/10.1 11 4 /ejed.12476. 


See Reference 51. 


Greig, F., Perera, G., Tsamakis, K., Stewart, R., Velayudhan, L., Mueller, C. (2021). Loneliness in older adult mental 
health services during the COVID-19 pandemic and before: Associations with disability, functioning and 
pharmacotherapy. /nternational Journal of Geriatric Psychiatry 2021;37 (1) Retrieved from: 

https://doi.org/1 0.1 002/gps.5630. 


Hwang, TJ., Rabheru, K., Peisah, C., Reichman, W., Ikeda, M. (2020). Loneliness and social isolation during the 
COVID-19 pandemic. /nternational Psychogeriatrics 2020;32 (10):1217-1220. Retrieved from: 
https://doi.org/1 0.101 7/s1041610220000988. 


See Reference 51. 
See Reference 51. 


De Hert, M., Mazereel, V., Stroobants, M., De Picker, L., Van Assche, K., Detraux, J. (2022). COVID-1 9-Related 
Mortality Risk in People With Severe Mental Illness: A Systematic and Critical Review. Frontiers in Psychiatry 


2021;12:798554. Retrieved from: https://doi.org/10.3389/fpsyt.202 1.798554. 


See Reference 51. 


Bergman, B.G., Kelly, J.F. (2021). Online digital recovery support services: An overview of the science and their 
potential to help individuals with substance use disorder during COVID-19 and beyond. Journal of Substance Abuse 
Treatment 2021;120:108152. Retrieved from: https://doi.org/10.1016/j.jsat.2020.1081 52. 


See Reference 64. 
See Reference 51. 


Gover, A.R., Harper, S.B., Langton, L. (2020). Anti-Asian Hate Crime During the COVID-19 Pandemic: Exploring 
the Reproduction of Inequality. American Journal of Criminal Justice 2020;45 (4):647-667. Retrieved from: 
https://doi.org/10.1007/s12103-020-09545-1. 


Overview of the Impacts of Long COVID on Behavioral Health 
January 2023 


68 Berger, Z., Altiery De Jesus, V., Assoumou S.A., Greenhalgh, T. (2021). Long COVID and Health Inequities: The 
Role of Primary Care. 7he Milbank Quarterly 2021;99(2):51 9-541, Retrieved from: 
https://doi.org/10.1111/1468-0009.1 2505. 


6 


© 


Saltzman, L.Y., Lesen, A.E., Henry, V., Hansel, T.C., Bordnick, P.S. (2021). COVID-19 Mental Health Disparities. 
Health Security 2021;19(S1):S5-s13. Retrieved from: https://doi.org/10.1089/hs.2021.0017. 
70 Paradies, Y., Ben, J., Denson, N., et al. (2015). Racism as a Determinant of Health: A Systematic Review and 


Meta-Analysis. PLOS One 2015;10(9):e0138511. Retrieved from: 
https://doi.org/10.1371/journal.pone.0138511. 


7 


See Reference 68. 


7 


N 


Hillis, S.D., Unwin, HJ.T., Chen, Y., et al. (2021). Global minimum estimates of children affected by COVID-19- 
associated orpbhanhood and deaths of caregivers: a modelling study. 7he Lancet 202 1;398 (10298) :391-402. 
Retrieved from: https://doi.org/ 10.101 6/sO1 40-6736 (21)01 253-8. 


73 Millett, G.A., Jones, A.T., Benkeser, D., et al. (2020). Assessing differential impacts of COVID-19 on black 
communities. Annals of Epidemiology 2020;47:37-44. Retrieved from: 
https://doi.org/10.1016/j.annepidem.2020.05.003. 


74 


Liu, Y.H., Chen, Y., Wang, Q.H., et al. (2022). One-Year Trajectory of Cognitive Changes in Older Survivors of 
COVID-19 in Wuhan, China: A Longitudinal Cohort Study. JAMA Neurology 2022;79(5):509-51 7. Retrieved from: 
https://doi.org/10.1001 /jamaneurol.2022.0461. 


7 


uo 


Abate, G., Memo, M., Uberti, D. (2020). Impact of COVID-19 on Alzheimer's Disease Risk: Viewpoint for Research 
Action. Healthcare 2020;8(3) Retrieved from: https://doi.org/10.3390/healthcare8030286. 


76 de Erausquin, G.A., Snyder, H., Carrillo, M., Hosseini, A.A., Brugha, T.S., Seshadri, S. (2021). The chronic 
neuropsychiatric sequelae of COVID-19: The need for a prospective study of viral impact on brain functioning. 
Alzheimers & Dementia 2021;17(6):1056-1 065. Retrieved from: https://doi.org/10.1002/alz.1 2255, 


7 


N 


Naughton, S.X., Raval, U., Pasinetti, G.M. (2020). Potential Novel Role of COVID-19 in Alzheimer's Disease and 
Preventative Mitigation Strategies. Journal of Alzheimer's Disease 2020;76(1):21-25. Retrieved from: 
https://doi.org/10.3233/jad-200537. 


7 


Co 


Karim, S., Mirza, Z., Kamal, M.A, et al. (2014). The role of viruses in neurodegenerative and neurobehavioral 
diseases. CVS & Neurological Disorders - Drug Targets 201 4;13(7):1213-23. Retrieved from: 
https://doi.org/1 0.21 74/1 871527313071410151 22638. 


7 


Ke) 


Shim, S.M., Cheon, H.S., Jo, C., Koh, Y.H., Song, J., Jeon, J.P. (2016). Elevated Epstein-Barr Virus Antibody Level is 
Associated with Cognitive Decline in the Korean Elderly. Journal of Alzheimer’s Disease 201 7;55(1):293-301. 
Retrieved from: https://doi.org/10.3233/jad-160563. 


80 Huang, S.Y., Yang, Y.X., Kuo, K., et al. (2021). Herpesvirus infections and Alzheimer's disease: a Mendelian 
randomization study. A/zheimer's Research & Therapy 2021:13(1):158. Retrieved from: 
https://doi.org/10.1186/s13195-021-00905-5, 


8 


= 


See Reference 32. 


8 


N 


See Reference 33. 


20 


Overview of the Impacts of Long COVID on Behavioral Health 
January 2023 


83 Del Valle, D.M., Kirn-Schulze, S., Huang, H.H., et al. (2020). An inflammatory cytokine signature predicts COVID- 
19 severity and survival. Nature Medicine 2020;26(10):1636-1643. Retrieved from: 
https://doi.org/10.1038/s41 591-020-1051 -9. 


8 


BR 


Kappelmann, N., Dantzer, R., Knandaker, G.M. (2021). Interleukin-6 as potential mediator of long-term 
neuropsychiatric symptoms of COVID-19. Psychoneuroendocrinology 202 1:131:105295. Retrieved from: 
https://doi.org/1 0.101 6/j.psyneuen.2021.105295. 


8 


uo 


McAlpine, L.S., Zubair, A.S., Maran, |., et al. (2021). Ischemic Stroke, Inflammation, and Endotheliopathy in COVID- 
19 Patients. Stroke 2021 ;52 (6) :e233-e238. Retrieved from: https://doi.org/1 0.1161 /strokeaha.120.031971. 


8 


a 


Sedaghat, A.R., Gengler, |., Speth, M.M. (2020). Olfactory Dysfunction: A Highly Prevalent Symptom of COVID-19 
With Public Health Significance. Otolaryngology - Head and Neck Surgery 2020;163(1):12-15. Retrieved from: 
https://doi.org/10.1177/0194599820926464. 


8 


N 


Devanand, D.P. (2016). Olfactory Identification Deficits, Cognitive Decline, and Dementia in Older Adults. American 
Journal of Geriatric Psychiatry 201 6;24(12):1151-1157. Retrieved from: 
httos://doi.org/1 0.101 6/j.jagp.2016.08.010. 


8 


Co 


Dintica, C.S., Marseglia, A., Rizzuto, D., et al. (2019). Impaired olfaction is associated with cognitive decline and 
neurodegeneration in the brain. Neurology 201 9:92 (7):e700-e709. Retrieved from: 
https://doi.org/1 0.121 2/wnl.OOOOOO000000691 9. 


89 Arbov, E., Tayara, A., Wu, S., Rich, T.C,, Wagener, B.M. (2022). COVID-19 and Long-Term Outcomes: Lessons 
from Other Critical Care Illnesses and Potential Mechanisms. American Journal of Respiratory Cell and Molecular 
Biology 2022 Retrieved from: https://doi.org/10.1165/remb.2021-0374PS. 


90 Hopkins, R.O., Weaver, L.K., Pope, D,, Orme, J.F., Bigler, E.D., Larson, LV. (1997). Neuropsychological Sequelae 
and Impaired Health Status in Survivors of Severe Acute Respiratory Distress Syndrome. American Journal of 
Respiratory and Critical Care Medicine 1999;160(1):50-6. Retrieved from: 
https://doi.org/10.1164/ajrccm.160.1.9708059, 


9 


See Reference 90. 


9 


N 


Sasannejad, C., Ely, E.W., Lahiri, S. (2019). Long-term cognitive impairment after acute respiratory distress 
syndrome: a review of clinical impact and pathophysiological mechanisms. C7itica/ Care 2019;23(1):352. Retrieved 
from: https://doi.org/10.1186/s1 3054-01 9-2626-z. 


9 


ee) 


Hopkins, R.O., Wade, D., Jackson, J.C. (2017). What's new in cognitive function in ICU survivors. /ntensive Care 
Medicine 2017;43 (2):223-225, Retrieved from: https://doi.org/10.1007/sOQ01 34-01 6-4550-x. 


9 


BK 


Nersesjan, V., Fonsmark, L., Christensen, R.H.B., et al. (2022). Neuropsychiatric and Cognitive Outcomes in 
Patients Six Months After COVID-19 Requiring Hospitalization Compared With Matched Control Patients 
Hospitalized for Non-COVID-19 Illness. JAMA Psychiatry 2022;79(5):486-497. Retrieved from: 
https://doi.org/1 0.1001 /jamapsychiatry.2022.0284. 


9 


uo 


See Reference 92. 


9 


a 


Rogers, J.P., Chesney, E., Oliver, D., et al. (2020). Psychiatric and neuropsychiatric presentations associated with 
severe coronavirus infections: a systematic review and meta-analysis with comparison to the COVID-19 pandemic. 
The Lancet Psychiatry 2020;7 (7):611-627. Retrieved from: https://doi.org/10.1016/s22 15-0366 (20) 30203-0. 


21 


Overview of the Impacts of Long COVID on Behavioral Health 
January 2023 


97 Lam, M.H., Wing, Y.K., Yu, M.W,, et al. (2009). Mental morbidities and chronic fatigue in severe acute respiratory 
syndrome survivors: long-term follow-up. Arch Internal Medicine 2009;169(22):2142-7. Retrieved from: 
https://doi.org/1 0.1001 /archinternmed.2009.384. 


98 See Reference 50. 


99 Troyer, E.A., Kohn, J.N., Hong, S. (2020). Are we facing a crashing wave of neuropsychiatric sequelae of COVID- 
19°? Neuropsychiatric symptoms and potential immunologic mechanisms. Brain, Behavior, and Immunity 
2020;87:34-39. Retrieved from: https://doi.org/10.101 6/j, bbi.2020.04.027. 


99 Byrne, E.A. (2022). Understanding Long Covid: Nosology, social attitudes and stigma. Grain, Behavior, and 
Immunity 2022;99:1 7-24. Retrieved from: https://doi.org/10.1016/j.bbi.2021.09.012 


01 See Reference 100. 


02 See Reference 100. 


°3 Costas-Carrera, A., Sanchez-Rodriguez, M.M., Caflizares, S., et al. (2022). Neuropsychological functioning in post- 
ICU patients after severe COVID-19 infection: The role of cognitive reserve. Brain, Behavior, and Immunity - Health 
2022;21:100425. Retrieved from: https://doi.org/10.101 6/j bbih.2022.100425. 


104Rohling, M.L., Faust, M.E., Beverly, B., Demakis, G. (2009) Effectiveness of cognitive rehabilitation following 
acquired brain injury: a meta-analytic re-examination of Cicerone et al.'s (2000, 2005) systematic reviews. 
Neuropsychology 2009;23 (1):20-30. 


105 


i, H., Li, J., Li, N., Li, B., Wang, P., Zhou, T. (2011). Cognitive intervention for persons with mild cognitive 
impairment: A meta-analysis. Ageing Research Reviews 201 1;10(2):285-296. Retrieved from: 
httos://doi.org/10.101 6/j.arr.2010.1 1.003. 


106 


Lampit, A., Hallock, H., Suo, C., Naismith, S.L., Valenzuela, M. (2015). Cognitive training-induced short-term 
functional and long-term structural plastic change is related to gains in global cognition in healthy older adults: a 
pilot study. Frontiers in Aging Neuroscience 2015;7:14. 


107 Cao, W., Cao, X., Hou, C., et al. (2016). Effects of Cognitive Training on Resting-State Functional Connectivity of 
Default Mode, Salience, and Central Executive Networks. Frontiers in Aging Neuroscience 2016;8 Retrieved from: 
https://doi.org/10.3389/tnagi.201 6.00070. 


108 McDonald, B.C., Flashman, L.A., Saykin, AJ. (2002). Executive dysfunction following traumatic brain injury: neural 
substrates and treatment strategies. NeuroRehabilitation 2002;1 7 (4):333-44. 


109 Gordon, W.A., Cantor, J., Ashman, T., Brown, M. (2006). Treatment of Post-TBI Executive Dysfunction: Application 
of Theory to Clinical Practice. 7he Journal of Head Trauma Rehabilitation 2006;21 (2):156-67. Retrieved from: 
httos://doi.org/10.1097/00001 1 99-200603000-00008. 


110Stuss, D.T. (2011). Traumatic brain injury: relation to executive dysfunction and the frontal lobes. Current Opinion 
in Neurology 201 1;24(6):584-9. Retrieved from https://doi.org/10.1097/WCO.0b01 3e32834c7eb9, 


111 Wood, R.L., Worthington, A. (2017). Neurobehavioral Abnormalities Associated with Executive Dysfunction after 
Traumatic Brain Injury. Frontiers in Behavioral Neuroscience 2017;11:195. Retrieved from: 
https://doi.org/10.3389/fnbeh.201 7.001 95. 


112 D'Souza, M.M., Kumar, M., Choudhary, A., et al. Alterations of connectivity patterns in functional brain networks in 
patients with mild traumatic brain injury: A longitudinal resting-state functional magnetic resonance imaging study. 


22 


Overview of the Impacts of Long COVID on Behavioral Health 
January 2023 


The Neuroradiology Journal 2020;33 (2):186-197. Retrieved from 
https://doi.org/10.1177/1971400920901 706. 


113 Galetto, V., Sacco, K. (2017). Neuroplastic changes induced by cognitive rehabilitation in traumatic brain injury: A 
review. Neurorehabilitation and Neural Repair 2017;31 (9):800-81 3. 


114See Reference 45. 


115 Verduzco-Gutierrez, M., Estores, |.M., Graf, MJ.P., et al. (2021). Models of Care for Postacute COVID-1 9 Clinics: 
Experiences and a Practical Framework for Outpatient Physiatry Settings. Anerican Journal of Physical Medicine & 
Rehabilitation 2021;100(12):1133-1139. Retrieved from: https://doi.org/10.1097/phm.0QOO0000000001 892. 


6 Griffin, F. (2020). COVID-19 and the Americans with Disabilities Act: Balancing fear, safety, and risk as America 
goes back to work. Seton Hall L Rev 2020;51:383. 


~N 


Else, H. (2020). How a torrent of COVID science changed research publishing - in seven charts. Nature 
2020;588 (7839) :553. Retrieved from: https://doi.org/10.1038/d41586-020-03564-y. 


8 See Reference 12. 


2 Nalbandian, A., Sehgal, K., Gupta, A., et al. (2021). Post-acute COVID-19 syndrome. Nature Medicine 
2021327 (4):601-615. Retrieved from: https://doi.org/10.1038/s41 591-02 1-01 283-z. 


20Saloner, B., Parish, K., Ward, J.A., DiLaura, G., Dolovich, S. (2020). COVID-19 Cases and Deaths in Federal and 
State Prisons. JAMA Network 2020;324(6):602-603. Retrieved from: 
https://doi.org/1 0.1001 /jama.2020.1 2528. 


121 Ziauddeen, N., Gurdasani, D., O'Hara, M.E., et al. (2022). Characteristics and impact of Long Covid: Findings from 
an online survey. PLOS One 202217 (3):e0264331. Retrieved from: 


https://doi.org/1 O.1 371 /journal.pone.0264331. 


22 See Reference 16. 


23 Ferrucci, R., Dini, M., Groppo, E., et al. (2021). Long-Lasting Cognitive Abnormalities after COVID-19. Brain 


Sciences 2021;11 (2) Retrieved from: https://doi.org/10.3390/brainsci1 1020235. 


24 See Reference 40, 


257hou, H., Lu, S., Chen, J., et al. (2020). The landscape of cognitive function in recovered COVID-19 patients. 
Journal of Psychiatric Research 2020;129:98-102. Retrieved from: 
https://doi.org/1 0.101 6/j.jpsychires.2020.06.022. 


126 Hampshire, A., Trender, W., Chamberlain, S.R., et al. (2020). Cognitive deficits in people who have recovered from 
COVID-19 relative to controls: An N=84,285 online study. medAxiv 2020:2020.10.20.202 15863. Retrieved 
from: https://doi.org/10.1101/2020.10.20.202 15863. 


27 See Reference 125. 


28 See Reference 126. 


29 See Reference 7. 


30 See Reference 15. 


31 Del Brutto, O.H., Wu, S., Mera, R.M., Costa, A.F., Recalde, B.Y., Issa, N.P. (2021). Cognitive decline among 
individuals with history of mild symptomatic SARS-CoV-2 infection: A longitudinal prospective study nested to a 


23 


Overview of the Impacts of Long COVID on Behavioral Health 
January 2023 


population cohort. European Journal of Neurology 2021 :28(10):3245-3253. Retrieved from: 
https://doi.org/10.1111/ene.14775. 


132 Pirker-Kees, A., Platho-Elwischger, K., Hafner, S., Redlich, K., Baumgartner, C. (2021). Hyposmia Is Associated with 
Reduced Cognitive Function in COVID-19: First Preliminary Results. Dementia and Geriatric Cognitive Disorders 


2021:1-6. Retrieved from: httos://doi.org/10.1159/00051 5575. 


133 Hellmuth, J., Barnett, T.A.. Asken, B.M., et al. (2021). Persistent COVID-1 9-associated neurocognitive symptoms in 
non-hospitalized patients. Journal of NeuroVirology 2021;27(1):191-195. Retrieved from: 
https://doi.org/10.1007/s1 3365-02 1 -00954-4. 


34 See Reference 125, 
35 See Reference 126, 
36 See Reference 7. 


37 See Reference 15. 


38 See Reference 123. 


39 Whiteside, D.M., Oleynick, V., Holker, E., Waldron, EJ., Porter, J., Kasprzak, M. (2021). Neurocognitive deficits in 
severe COVID-19 infection: Case series and proposed model. 7he Clinical Neuropsychologist 2021 ;35(4):799- 


818. Retrieved from: https://doi.org/10.1080/13854046.2021.1874056. 


140 Cysique, LA., tojek, E., Cheung, T.C., et al. (2021) Assessment of Neurocognitive Functions, Olfaction, Taste, 
Mental, and Psychosocial Health in COVID-19 in Adults: Recommendations for Harmonization of Research and 
Implications for Clinical Practice. Journal of the International Neuropsychological Society 2021:1-19. Retrieved 
from: httos://doi.org/10.1017/s1355617721 000862. 


141 Raisi-Estabragh, Z., McCracken, C., Bethell, M.S., et al. (2020). Greater risk of severe COVID-19 in Black, Asian 
and Minority Ethnic populations is not explained by cardiometabolic, socioeconomic or behavioural factors, or by 
25(OH)-vitamin D status: study of 1326 cases from the UK Biobank. /ournal of Public Health 2020;42 (3):451- 
460. Retrieved from: https://doi.org/10.1093/pubmed/fdaa095, 


142 Carod-Artal, FJ. (2021). Post-COVID-19 syndrome: epidemiology, diagnostic criteria and pathogenic mechanisms 
involved. Revista de Neurologia 2021;72(11):384-396. Retrieved from: 
https://doi.org/10.33588/m.7211.2021 230. 


143 See Reference 16. 
144 See Reference 123. 


145 Barrett, R., Brown, PJ. (2008). Stigma in the Time of Influenza: Social and Institutional Responses to Pandemic 
Emergencies. 7he Journal of Infectious Diseases 2008;197 Suppl 1:534-s7. Retrieved from: 
https://doi.org/10.1086/524986. 


146 Thornton, J.E. (2003). Life-span Learning: A Developmental Perspective. /he /nternational Journal of Aging and 
Human Development 2003;57 (1):55-76. Retrieved from: https://doi.org/1 0.21 90/r4ek-u2v5-2c35-28p0 


24 


Photos are for illustrative purposes only. 
Any person depicted in a photo is a model. 


Acknowledgment: SAMHSA would like to thank Jacqueline Becker, Ph.D, 
Clinical Neuropsychologist and Assistant Professor, Icahn School of 
Medicine at Mount Sinai, for her contribution to this report. 

Publication No. PEP23-01-00-001 


SAMPISA 


Substance Abuse and Mental Health 
Services Administration 


SAMHSA's mission is to reduce the impact of substance use and mental illness on America’s communities. 
1-877-SAMHSA -7 (1-877-726-4727) 1-800-487-4889 (TDD) www.samhsa.gov 


